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Abstract 
In this paper, we review the prior works on optical fiber transmission OFDM/OQAM systems, including the coherent optical 
OFDM/OQAM, and direct detection optical OFDM/OQAM. Besides this, we prospect the future optical communication of 
OFDM/OQAM. 
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1. Introduction 
OFDM based on offset QAM (OFDM/OQAM for short) has attracted increasing attention in optical 
communications recently [1-4], and has been applied in both coherent and direct detection optical communication 
systems [5-9]. As a multi-carrier modulation technique, OFDM/OQAM inherits the advantages of OFDM such as 
excellent spectral efficiency (SE) and receiver sensitivity [10]. Besides this, the side lobe suppression ratio of 
OFDM/OQAM is much higher than the conventional OFDM. Thus, the signal with ‘perfect’ rectangular spectral 
shape could be easily generated. The inherent property of OFDM/OQAM brings benefits mainly in two folds: i) it 
could be used to ‘seamlessly’ multiplex the multiple OFDM bands to construct a superchannel without much guard 
band. Compared to orthogonal-band-multiplexed OFDM (OBM-OFDM) system, timing- and frequency- 
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synchronization is not required in the transmitter [6], with very small guard-band between the two adjacent bands. ii) 
The FFT size, signal bandwidth, cyclic prefix, and the electrical low-pass filter effects highly influence the signal 
quality, especially with the high order modulations. But due to the significant high side lobe suppression, 
OFDM/OQAM could potentially be modulated with high order PSK or QAM modulation formats without 
introducing any side lobe enhancement, even with very short FFT size. Thus, multi-band OFDM/OQAM has been 
used in several coherent and direct detection optical transmissions. 
In this paper, we review our prior works on the optical OFDM/OQAM transmission systems, including i) 
unsynchronized band-multiplexed superchannel coherent OFDM/OQAM system, ii) single 50-GHz optical channel 
400-Gb/s OFDM/OQAM transmission with high order modulation loading of OFDM/OQAM 64-QAM, and iii) 
100-Gb/s guard-band-shared direct detection optical OFDM/OQAM (GBS-DDO-OFDM/OQAM) systems. 
2. Principle of OFDM/OQAM 
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Fig. 1. Principle structure of OFDM/OQAM 
Shown in Fig. 1 is the structure of OFDM/OQAM system. At the transmitter, N parallel complex data streams are 
passed to N subcarrier transmission filters. The in-phase components are then delayed by half a symbol period T/2, 
which forms the offset QAM modulation, i.e., OQAM modulation. The outputs are then modulated by N subcarriers 
with subcarrier spacing ǻf = 1/T. At the receiver, the received signal is demodulated by N subcarrier demodulators 
and then passed to a bank of matched filters. As the subcarrier modulation and demodulation are the same as 
conventional OFDM, it can be realized by an efficient IFFT-based implementation. 
The expression of OFDM/OQAM baseband signal can be written as 
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Where N is the number of modulated subcarriers, h(t) stands for the impulse response of the prototype filters at the 
transmitter, and 2 / / 2t t TM S S  . 
At the receiver, the scoped digital signal r(t) is firstly converted in parallel and demodulated, then fed into the 
corresponding matched filters as the transmitter. The output symbol on kth subcarrier is given as  
( ) ( ) ( )I Qk k kr n s n js n 
 
                                                                           (2) 
Where ( )Iks n
  and ( )Qks n
  are the real and imaginary parts of the nth received symbol on the kth subcarrier, 
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respectively. From [11], we have 
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If the filter response h(t) is real and even (i.e. h(t) = íh(t)), and meets the perfect reconstruction condition, which 
is given in the following equations, then the received signal can be recovered. 
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Without loss of generality, we assume that the impulse response h(t) is a square-root raised cosine filter with the 
roll-off factor 0.5, whose impulse response at time domain is given out in Fig. 2(a). The rectangular time response 
used in conventional OFDM is also shown in Fig. 2(a) for comparison. The frequency domain response clearly 
reveals that the side bands of OFDM/OQAM signal are significantly suppressed as shown in Fig. 2(b), due to the 
high side lobe convergence of the designed prototype filters. As a result, the side lobe suppression ratio of 
OFDM/OQAM signal is much higher (>35dB) than conventional OFDM signal (~15 dB) as shown in Fig. 2(c) and 
(d). 
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Fig. 2. (a) Time domain impulse response; (b) amplitude-frequency response; frequency spectrum for (c) conventional OFDM and (d) 
OFDM/OQAM 
3. Coherent optical OFDM/OQAM 
To realize the high SE and receiver sensitivity of single channel, polarization multiplexing coherent 
OFDM/OQAM with 256-QAM modulation format is firstly proposed and experimentally demonstrated in [5]. The 
achieved optical SE is as high as 11.64 b/s/Hz. Due to the inherent property of low side lobe suppression ratio of 
conventional OFDM, the advantages of the proposed coherent optical OFDM/OQAM can be expressed as follows: 
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Fig. 3. Q-factor sensitivity performance of the edge subcarriers for both conventional OFDM and OFDM/OQAM 
Firstly, compared with the conventional optical band-multiplexed OFDM superchannel, the proposed multi-band 
OFDM/OQAM, i.e. OFDM/OQAM based superchannel, requires very small guard band between two adjacent sub-
bands. Secondly, for the traditional OBM-OFDM, frequency and timing synchronization is critical. The signal 
generation frequency for each sub-band should be equal to integral times of the subcarrier spacing to guarantee the 
orthogonality between the multiple sub-bands as shown in Fig. 3 [4]. Besides this, timing synchronization should be 
strictly matched for all the sub-bands. But for OFDM/OQAM, due to the much higher side lobe suppression ratio, 
the restriction of the frequency and timing synchronization is not required, and very small guard-band is required 
between two adjacent sub-bands, as shown in Fig. 4. In [4], 110-Gb/s unsynchronized band-multiplexed 
superchannel coherent optical OFDM/OQAM system has been demonstrated. The experimental results show that the 
channel crosstalk could be efficiently overcome for unsynchronized multi-band system by using OFDM/OQAM 
modulation with only 20MHz guard band. 
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Fig. 4. System structures for (a) OBM-OFDM and  (b) OFDM/OQAM  
To further enhance the transmission capacity, a 429.96-Gb/s OFDM/OQAM 64-QAM transmission over 400-km 
standard single mode fiber (SSMF) transmission within a 50-GHz optical grid was also demonstrated [6]. To 
achieve the 400-Gb/s transmission within 50-GHz optical grid, high order modulation formats are required, such as 
64-QAM or higher. When applying electrical low pass filters at the transmitter to eliminate the aliasing-frequency 
terms and the channel crosstalk, the signal with very high order modulation could be severely distorted. 
OFDM/OQAM is considered as one of the most efficient ways to achieve high side lobe suppression ratio, even 
with normal FFT sizes (e. g. 256). As shown in Fig. 5, compared to conventional OFDM, OFDM/OQAM has 
superiority to load high order QAM formats with short FFT size [6]. 
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Fig. 5. Simulated BER versus Eb/No for 256 FFT size and different low pass filters under AWGN channel 
4. GBS-DDO-OFDM/OQAM 
4.1 100-Gb/s carrier-independent GBS-DDO-OFDM/OQAM system 
On the other hand, optical researches have also turned for the solutions of a cost-effective short/medium reach 
high-speed optical communications. A novel approach that simultaneously receive multi-band 100-Gb/s direct-
detection optical signal with only one polarization and one conventional 40-GHz photodiode (PD) is proposed [7]. 
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Fig. 6. (a) Traditional pilot-assisted DDO scheme; (b) the proposed carrier-independent GBS-DDO scheme 
The modulation format of OFDM/OQAM is selected to provide signal spectrum with high side lobe suppression 
ratio, which can effectively reduce the electrical sub-band frequency interference. The concept of the proposed 
DDO-OFDM/OQAM scheme is depicted in Fig. 6. Fig. 6(a) shows a typical pilot-assisted DDO-OFDM/OQAM 
system. Supposing the bandwidth of each optical OFDM/OQAM sub-band is BS. A guard-band with minimum 
bandwidth of BS is required to accommodate the signal-to-signal beat interference (SSBI). In another word, less than 
half of the PD bandwidth can be used in this scheme. Fig. 6(b) exhibits our proposed carrier-independent DDO-
OFDM/OQAM architecture. We first split the signal into multiple (N) sub-bands with equal bandwidth of BS. Each 
sub-band is assigned with an individual optical pilot carrier to form a sub-channel. The sub-channels are set far 
away from each other (ı100 GHz). For the ith sub-channel, the bandwidth of the guard band set as ihBS. Because 
the subchannel spacing is set far away from each other, the cross-subchannel beating terms are outside of the PD 
bandwidth, and then filtered. In this case, only one guard-band with bandwidth of BS is required to be shared for all 
the SSBI terms. The efficiency of receiver bandwidth usage is greatly enhanced from 1/2 to N/(N + 1). N represents 
the number of modulated sub-bands. In the experiment the whole 100-Gb/s OFDM/OQAM signal is comprised of 6 
sub-bands with 16- and 32-QAM formats bit loading. Only one guard band is required to accommodate the 
overlapped 6 sub-bands SSBI. The receiver bandwidth is mainly limited by the digital storage oscilloscope, which 
the effective bandwidth used in the demonstration is 33 GHz. The transmission distance over SSMF is up to 320-km. 
4.2 100-Gb/s carrier-shared GBS-DDO-OFDM/OQAM system 
Optical Spectrum Electrical Spectrum
band1
1
BS 2
40-GHz
PD
Shared guard band
1 2
band2 BS
BSш
2/3PDbandwidthusage  
Fig. 7. The proposed carrier-shared GBS-DDO scheme 
In order to overcome the PD bandwidth limitation and enhance optical SE, the carrier-shared guard-band-shared 
scheme is proposed and demonstrated to carry out 100-Gb/s signals [8], which increase the usage of PD bandwidth 
from 1/2 to 2/3 compared with traditional scheme. Fig. 7 gives our proposed novel guard-band-shared scheme that 
the two subchannel optical signals and optical pilot carrier are allocated in two orthogonal polarizations. After the 
signals entering into the single PD, each subchannel will generate a SSBI, which falls into the same guard-band with 
the frequency from 0 to BS. Because the 2 sub-bands signal staggered in the two orthogonal polarizations could not 
beat with each other, no cross-subchannel beating terms are generated in the PD bandwidth. Compared with our 
previous scheme in [7], the novel proposed scheme as shown in Fig. 7 not only simplify the transmitter, but also can 
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be implemented within one 50-GHz optical channel or grid by employing the current commercial optical and 
electrical devices. 
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Due to the inherent property of high side lobe suppression ratio, the OFDM/OQAM signal provides nearly 
rectangular spectrum, which is able to effectively reduce the channel crosstalk [8]. We have conducted an 
experiment to investigate the crosstalk influence. As shown in Fig. 8(c) and (d), the signal-to-noise ratio (SNR) for 
OFDM/OQAM scheme is stabilized at the average level of ~18.45/18.68 dB for all the measured subcarriers of the 2 
sub-bands, which suggests that negligible interference from the other band is introduced. Then we change the 
modulation format to conventional OFDM. While for conventional OFDM the average SNR is ~17.28 dB for the 1st 
band and ~17.46 dB for the 2nd band. The worst SNRs for the 1st band of OFDM/OQAM and conventional OFDM 
are 16.13 dB and 12.34 dB, respectively. Meanwhile, 15.92 dB and 13.39 dB are observed for the 2nd band. 
Obvious crosstalk is observed for conventional OFDM scheme (seen in Fig. 8 (a) and (b)) at the edges of the 2 sub-
bands. 
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Fig. 9. Received optical power versus BER for 100-Gb/s OFDM/OQAM and conventional OFDM 
We measure the BER performance as a function of the received optical power sensitivity for 100-Gb/s 
OFDM/OQAM and conventional OFDM at back-to-back, as shown in Fig. 9. Under the received power of 8.2 dBm, 
the BER of OFDM/OQAM is 1.84×10-2, below 20% FEC limit (BER=2×10-2), while the measured BER of 
conventional OFDM cannot achieve the 20% FEC limit, as shown in Fig. 9. Compared with conventional OFDM, 
about 1 dB power improvement is observed for OFDM/OQAM at the BER level of 3×10-2. The price paid for 
OFDM/OQAM is the induced computational complexity. 
4.3 Enhanced 100-Gb/s carrier-shared GBS-DDO-OFDM/OQAM system 
In order to improve the PD bandwidth usage and transmission distance, the enhanced carrier-shared guard-band-
shared scheme is proposed and demonstrated in [9]. Fig. 10 depicts the schematic diagram of the proposed enhanced 
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Fig. 10. The proposed enhanced carrier-shared GBS-DDO scheme 
GBS-DDO scheme for 100-Gb/s single-PD detection system. The 4 bands optical signals are allocated in x-/y- 
polarizations (bands 1 and 4 in x-polarization, bands 2 and 3 in y-polarization). Only one optical pilot carrier is 
inserted in both x- and y- polarizations. After detection, each band will generate a SSBI, which falls into the same 
guard band within the frequency range from 0 to BS. In such way, only a small guard interval is required between 
the 4 bands. For any two bands at different polarizations such as bands 3&4, no cross band beating terms will be 
generated. For two bands at the same polarization (e.g. bands 1&4, bands 2&3), because the frequency space 
between the bands 1&4 and bands 2&3 is 5 times of Bs, which is out of the PD bandwidth, such cross beating terms 
will be electrically filtered. By using the proposed novel scheme, OFDM/OQAM 32-QAM and Raman amplification, 
the transmission reach is significantly increased to 880-km. We also compare the optical SE and electrical SE with 
Ref. 7, 8, 9 and 12 as shown in Table 1. 
Table 1. Optical SE and electrical SE under different PD usages. 
Ref. PD usage TSOB (GHz) TUOB (GHz) OSE (b/s/Hz) ESE (b/s/Hz) 
12 1/2 BS 2BS m/2 m/2 
7 6/7 6BS  <(21BS+500) <m/20 6m/7 
8 2/3 2BS 3BS 2m/3 2m/3 
9 4/5 4BS 8BS m/2 4m/5 
m: bits per symbol; TSOB: total signal optical bandwidth; TUOB: total used optical bandwidth; OSE: optical 
spectrum efficiency; ESE: electrical spectrum efficiency. 
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